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The effect of lead shielding thickness in 







CT of the head is the most requested examination in CT scan. However, the routine use 
of external shielding in CT imaging appears to be limited. It is because of concern that 
the application of external lead shielding may result in increased internal scatter and 
consequently lead to an increased dose to the radiosensitive organs (Palmer, 2008). The 
purpose of this study is to investigate the effect of different thickness of lead shielding in 
computed tomography (CT) examination of the head. This research is an experimental 
study using an anthropomorphic Rando phantom to imitate the patient. Different 
thickness of thyroid shield was applied which are 0.0 mm Pb, 0.5 mm Pb, 1.0 mm Pb and 
1.5 mm Pb to protect thyroid gland from scattered radiation. Four thermoluminescent 
detector (TLD) chips were placed at surface of thyroid gland and 1 cm depth within 
thyroid tissue upon slice 10 and slice 11 of phantom.  The Rando phantom was placed on 
the Siemens Somatom Definition Flash Dual Source 128-slice CT scanner table and a CT 
head protocol was performed. Then TLDs were read to measure the surface dose and 
absorbed dose of thyroid gland using different thickness of lead shield. The data collected 
was analysed to measure the significant different radiation dose with various different 
thickness of lead shielding using statistical one way ANOVA. This study provides 
evidence that the effectiveness of lead shielding varied with their thickness respectively 
corresponding to thyroid dose due to scattered radiation. The highest dose reduction was 
achieved by 1.5 mm Pb thickness which is 57.48% at the surface, 55.77% at 1 cm depth 
within thyroid tissue, followed by 1.0mmPb result in 56.69% at surface, 50% at 1 cm 
depth. The lowest dose reduction was achieved with 0.5 mm Pb is 52.76% at surface, 
41.35% at 1 cm depth within thyroid tissue. This research suggested the application of 
thyroid shielding gives advantage especially to the paediatric patient and patients that 
require repetition CT examination because long term illness. This research has proven 
that reducing radiation dose to the patient because of scattered radiation by increasing the 
thickness of lead shielding can further decrease dose to radiosensitive organ outside the 
scanning area. As a result, the risks of inducing cancer will also be decreased. 
v 
 
TABLE OF CONTENTS 
 
 
AUTHOR’S DECLARATION ii 
ABSTRACT iii 
ACKNOWLEDGEMENT iv 
LIST OF TABLES viii 
LIST OF FIGURES ix 
LIST OF SYMBOLS x 
LIST OF ABBREVIATIONS / NOMENCLATURE xi 
 
 
CHAPTER ONE: INTRODUCTION 1 
1.1  Research Background 1 
1.2  Problem Statement 2 
1.3  Rational Of Study 4 
1.4  Objectives 5 
1.4.1  General Objective 5 
1.4.2  Specific Objectives 5 
1.5  Hypothesis 5 
1.5.1  Hypothesis 1 5 
1.5.2  Hypothesis 2 5 
1.5.3  Hypothesis 3 5 
1.5.4  Hypothesis 4 5 
 
CHAPTER 2: LITERATURE REVIEW 6 
2.1  Advantages Of Computed Tomography (CT) Over Conventional Radiography 6 
2.2  Computed Tomography (CT) Of The Head 7 
2.3  Radiation Dose In Computed Tomography (CT) Scan 7 





CHAPTER THREE: METHODOLOGY 10 
3.1  Research Design 10 
3.3  Research Setting 12 
3.4  Sample Design And Sample Size 12 
3.4.1  Inclusion Criteria And Exclusion Criteria 12 
3.4.1.1  Inclusion Criteria 12 
3.4.1.2  Exclusion Criteria 12 
3.5  Data Collection Procedure 13 
3.5.1  Equipment 13 
3.5.1.1  The 128 –Slice Computed Tomography (CT) 13 
3.5.1.2  The Anthropomorphic Head Phantom (RANDO® Phantoms) 13 
3.5.1.3  The 0.5 mm Pb Thyroid Shields 14 
3.5.1.4  Thermoluminescent Dosimeter (TLD) Chips 14 
3.5.1.5  Harshaw 3500 TLD Reader 14 
3.5.1.6  Radcal Accu-Pro 15 
3.5.2  Imaging Procedure for Dose Measurements. 15 
3.5.2.1  TLD Measurement 15 
3.5.3  Scanning Procedure And Protocol 16 
3.5.4  Calculation 17 
3.5.5  Statistical Analysis 18 
3.5.6  Ethical Consideration 19 
 
CHAPTER 4: RESULT 21 
4.1  Descriptive Statistic 21 
4.1.1  Mean Value of Surface Dose for Different Thickness of Lead Shielding. 21 
4.1.2  Mean Value of Absorbed Dose for Different Thickness of Lead Shielding. 23 
4.1.3  Mean Value of both Surface And Absorbed Dose for Different Thickness of 
Lead Shielding. 25 
4.2  One Way Anova 26 
